INTRODUCTION Most attempts to form cartilage in vitro use cells cultured within or on a biological or synthetic scaffold. We have developed a novel two-step culture method (alginate-recovered-chondrocyte method, ARC method) for the production of cartilaginous tissue in vitro that does not require exogenous matrices [1]. The first step consists of culturing phenotypically stable chondrocytes under conditions optimal for the formation of a cell-associated matrix (CM). The second step allows these cells with their CM to rapidly form and become integrated into a solid mass of cartilage on a porous insert. Cartilage tissue engineered in vitro using this approach is softer than normal cartilage: it is rich in proteoglycan (PG), mostly aggrecan and has an immature collagen network. We also have shown that recombinant human osteogenic protein-1 (OP-1) can stimulate PG and collagen synthesis by human and bovine articular chondrocytes. OP-1 promotes both the rate of formation and the size of the CM by these cells. The enhancement of matrix formation in the CM might enable the application of the tissue-engineered tissue to a larger area. For application in humans, the enhancement of the CM formation is preferable, because matrix formation by cells from aged cartilage is limited.
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We present here the results of a study aimed at testing the hypothesis that exposure of young adult articular chondrocytes to OP-1 promotes the formation of cartilaginous tissue engineered for transplantation using the ARC method.
MATERIALS AND METHODS
The ARC Method was used as follows to form cartilage in vitro.
Step 1: Assessment of Formation of the CM in Alginate Beads Bovine articular chondrocytes from the metacarpophalangeal joints of 14-18 month old steer were isolated by sequential enzyme digestion. Chondrocytes were cultured in beads of 1.2% low viscosity alginate (Keltone LV, Kelco) at 4 million cells/ml using daily changes of medium containing 10% FBS or 10% FBS + OP-1 (100 ng/ml), 25 µg/ml ascorbate and 10 µg/ml gentamicin. At various time points, beads were dissolved by incubation for 20 minutes in 55 mM NaCitrate in 150 mM NaCl. The cells with their CM were recovered by mild centrifugation. The contents of sulfated PG and collagen in the CM were measured by the DMMB method after papain digestion and RP-HPLC after acid hydrolysis, respectively [2] . The content of hyaluronan (HA) was also assessed using an ELISA [2].
Step 2: Characterization of Cartilage Tissue Formed In Vitro The cells with their CM, recovered after 7 days of culture in alginate, were resuspended in complete medium containing 10 % FBS or 10% FBS + OP-1 (100 ng/ml) and seeded onto a tissue culture insert (10mm diameter) with a porous membrane (Costar). After 7 days in culture, the de novo formed tissue was separated from the porous membrane and the dry weight of the tissue measured. Biochemical analyses were performed as described in Step 1. The tissues were also examined histologically after staining with toluidine blue. For each group, all analyses of tissues were performed on 3 sets of one tissue each. Statistical analyses were performed using one-way ANOVA with Fisher's PLSD test as a post hoc test.
RESULTS Step 1: Formation of the CM in Alginate Beads
On day 7 of culture, the CM formed by chondrocytes cultured in the presence of OP-1 was more voluminous when observed under the microscope. The structure of the cell with its CM was still well preserved after release by citrate buffer. The contents of PG, HA and collagen in the OP-1 group were two to three fold higher than those in the FBS group (Fig 1A) . The PG/collagen ratio was higher with OP-1 treatment and decreased with time in culture (Fig 1B) .
Step 2: Cartilage Tissue Formed In Vitro Cultured in the presence of OP-1, the individual chondrocytes and their CM progressively became incorporated into thick, disk-like cartilaginous tissue between 8 and 14 days (step 2 : see the histology in Fig 2) . The tissue was easy to handle. In contrast, the matrix formed in the presence of 10% FBS alone was highly cellular, but did not form a thick disk-like structure. Histologically, the border of the original CM, formed in the alginate bead culture (step 1) was barely recognizable in the de novo formed tissue (Fig 2) . The dry weight of engineered tissue was significantly more in the OP-1 treated (Table) . TPG, collagen and HA contents in those tissues were significantly higher than those in the tissue formed in the presence of 10% FBS alone. The PG/collagen ratio was higher than that of normal articular cartilage but decreased with time in culture.
CONCLUSIONS
The results show that OP-1 can significantly enhance the formation of a voluminous tissue in vitro. The thickness of the tissue cultured with OP-1 was approximately 4 times that of the tissue culured with 10% FBS alone (Fig 2) . The stimulatory effects of OP-1 on matrix formation were observed in both steps of the ARC method. As the ability of human adult chondrocytes to form a cohesive matrix is limited, the results suggest that human chondrocytes should be stimulated by growth factors, such as OP-1, when the goal is to produce cartilage tissue for transplantation using the ARC method. 
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